Abstract
INTRODUCTION
Acute Type A aortic dissection (AAAD) is a challenging surgical emergency with in-hospital mortality just shy of 20% in recent series [1, 2] . Immediate surgery is required to prevent aortic rupture and counteract acute cardiac complications. The mainstay of management is replacement of the ascending aorta and, in selected cases, replacement or repair of the aortic valve. In more than 70% of patients with AAAD, the dissection extends beyond the ascending aorta (DeBakey Type I) [3] . In such a setting, a simple ascending aortic replacement leaves a dissected thoracic aorta with a patent false lumen in as many as 79% of patients [4] . The residual dissected aorta is prone to progressive dilation and aneurysmal development with a risk of rupture, and secondary surgical or endovascular treatment is necessary in 16-26% of patients within 10 years [5] [6] [7] .
Traditionally, total arch replacement (TAR) during acute surgery for AAAD has been reserved for selected cases, such as those with extensive tears or aneurysms in the arch. Progress in operative and cerebral protection techniques has paved the way for elective arch replacement with acceptable risk. However, the risks of extensive surgery in the acute setting may outweigh potential long-term benefits.
As stated by Crawford more than 20 years ago, a randomized trial to determine the indications for arch replacement in AAAD is not likely to be conducted [8] . A potential benefit for extensive arch replacement demands a procedure-related morbidity and mortality at the level of a more limited ascending or hemiarch resection. We have used the data from a dedicated 'Interventional Cohort' subset of the International Registry of Acute Aortic Dissection (IRAD) to analyse 'real-life', contemporary and unselected patient data from aortic centres across the world. The 'Interventional Cohort' section of IRAD has recently been presented in detail [9] . The selection of the 1241 patients included in this arch analysis can be seen in Supplementary Material, Fig. S1 . The aim of the study was to compare the outcomes of ascending aorta or hemiarch replacement to more extensive repairs involving aortic arch vessels.
PATIENTS AND METHODS
The IRAD is a multinational registry that collects consecutive and unselected cases of acute aortic dissection at 43 aortic centres in 13 countries. Participation in the registry does not per se imply treatment standardization. The details regarding the IRAD structure and data collection have been previously published [10] . Recently, records were supplemented with detailed information regarding surgical and endovascular treatment (Interventional Cohort, 20 centres). Of importance, this invasive case report form remains to be implemented in the entire IRAD network, and the number of patients included in this database is therefore lower than the total number of invasively treated patients in IRAD.
The study was approved by the institutional review board or ethics committee at each participating centre.
We analysed the data for all patients with AAAD enrolled in IRAD between March 1996 and March 2015. Patients managed exclusively with medication or for whom the invasive treatment form was lacking were excluded from the analysis. AAAD was defined as any non-traumatic dissection involving the ascending aorta and presenting within 14 days of symptom onset. Iatrogenic dissections were included. Patients were registered prospectively at presentation or retrospectively based on the discharge diagnoses. The diagnoses were based on imaging, intraoperative findings and/or autopsy.
'Hemiarch' replacement implies resection of the minor curvature of the aortic arch to various degrees, without reimplantation or deviation of any arch vessel. 'Extended arch' replacement was defined as the removal of parts or all of the aortic arch, with reimplantation of at least one of the arch vessels. The patients were stratified according to the extension of the aortic arch resection (Group A: none or just hemiarch and Group B: arch vessel reimplantation/arch replacement). Thus, the groups 'complete arch' and 'partial arch' from reference [9] have been combined as 'extended arch' or Group B in the present publication.
A standardized case report form was used to record demographics, medical history, presenting symptoms and clinical findings, imaging results, treatment and complications during the initial hospitalization. Follow-up data were obtained at 6 months and annually for up to 5 years using a standardized follow-up form to record clinical variables, imaging data, reinterventions and mortality with the date and cause of death where available. Our analyses were based exclusively on the standardized forms, as we have not independently reviewed patient charts or imaging studies.
Categorical variables were presented as frequencies and percentages. Continuous variables were presented as means and standard deviations or as medians and first and third quartiles (25th and the 75th percentiles) in cases of skewed data distributions. Differences between the 2 groups were analysed using the t-test or Mann-Whitney U-test for continuous variables and the v 2 test or Fisher's exact test for categorical variables, as appropriate. Missing values were not defaulted to negative; the presented values represent only those cases reported. Univariate analysis was first performed to select candidate variables (those with P < 0.20) to be introduced to a multivariable model. The relationship of clinical variables to in-hospital mortality was examined using binary logistic regression analysis utilizing a backward stepwise method. Propensity-adjusted multivariable analysis was used to assess risk factors for operative mortality. Kaplan-Meier survival curves were calculated for overall post-admission survival and post-discharge freedom from major adverse events (death, aortic rupture or aortic reintervention). Between-group differences were analysed using the log-rank test. All data analyses were performed using IBM SPSS Statistics for Windows, version 20.0. (IBM Corp., Armonk, NY, USA). A specified analysis can be found in the Supplementary Material.
RESULTS
A total of 1241 patients were identified from the Interventional Cohort; 907 (73%) patients underwent ascending aortic or hemiarch replacement (Group A) and 334 (27%) patients had extended arch replacement (Group B). Baseline patient characteristics, clinical presentation and imaging details are summarized in Table 1 . Of notice, there were relatively more women in Group A, and significantly more patients in this group presented with syncope. The dissections were more extensive in Group B, and the maximal dimension of the aorta was marginally bigger in this group.
The frequency of concomitant coronary artery bypass surgery was higher in Group A patients, and aortic valve procedures, although not aortic valve replacement, were more dominant in Group B. Furthermore, biological valves were used more frequently in Group B and mechanical valves in Group A. Elephant trunks were constructed in 9.6% of the total arch patients (Group B), and the Group B patients had longer cardiopulmonary bypass times, longer cross-clamp time and slightly higher temperatures during bypass. Further details on surgical procedures are presented in Table 2 . There was no increase in the relative number of TAR procedures in the later time period. The in-hospital mortality was 14.2%, similar between groups. Table 3 summarizes postoperative complications. Group B had a higher frequency of fatal bleedings and acute post-procedure renal failure. Univariate predictors of in-hospital mortality are presented in Table 4 , and Table 5 presents that patients with arch vessel involvement and/or later year of surgery were more likely to get a total arch resection. In the propensity-adjusted multivariable analysis coma at presentation, hypotension/tamponade/ shock and any pulse deficit were significantly associated with inhospital mortality (Table 6 ).
Follow-up was available for 534 of those 1065 patients who survived the index hospitalization (49% of survivors). KaplanMeier curves for overall survival and freedom from major adverse events are presented in Figs 1 and 2 , respectively.
DISCUSSION
In the German Registry for Acute Aortic Dissection Type A (GERAADA), a recent analysis compared hemiarch with extensive replacement of the arch in 658 patients [1] . This analysis did not show a difference in the overall 30-day mortality, the presence of neurologic deficits or malperfusion, which is in concert with our study. However, an analysis from GERAADA presented at the American Association for Thoracic Surgery Aortic Symposium 2014 (Karck et al.) based on 2137 patients operated on between 2006 and 2010 suggests that even fair risk subgroups may have an unfavourable outcome from extensive surgery, as TAR in patients with DeBakey Type I aortic dissection with an intimal tear in the ascending aorta and no pre-existing neurological deficit resulted in a 70% higher mortality (14% vs 24%) compared with ascending repair only. Furthermore, analysis of the complete IRAD database (1995 patients operated from January 1996 to January 2013) identified arch replacement as an independent risk factor for in-hospital mortality [11] . Thus, both the IRAD and the GERAADA data indicate that arch replacement is a significant, albeit small, risk factor for increased operative mortality in highpowered analyses. These data seen together therefore document the clinical suspicion that there is a procedure-related increased mortality with TAR in AAAD, but the neutral results from the present study indicate that this must be small in a strategy of surgeon-determined use of arch resection. To further clarify the indications for TAR in the acute management of AAAD, one must consider the natural course of postrepair AAAD. The survivors of surgically treated AAAD have significantly higher long-term mortality than the normal population [12] . In a recent publication from Sweden, it was found that the cause of late deaths was due to aortic events in at least 27% of patients and possibly as many as 42% [13] . Reintervention rates vary with the 10-year freedom from aortic reoperation following AAAD repair ranging between 74% and 98% [5] [6] [7] [14] [15] [16] . Some of these procedures are proximal reoperations that cannot be prevented by a more radical primary distal aortic resection. The risk connected with distal aortic reoperation also varies considerably, with mortality rates ranging from 0% to 31% [5, 17] . Thus, identification of the patients at risk for future aortic complications before initial surgery is highly desirable.
The patient cohort in our analysis consisted of 1241 patients treated at 20 aortic centres in 9 countries. Of these patients, more than 60% underwent surgery during the last 6-year period, and 90% underwent surgery in the last 12 years. This represents a 'real-world' current reflection of aortic dissection management. Our results suggest that the conservative approach is sufficient for many patients in the short and intermediate postoperative period. Nevertheless, in select cases, an extensive procedure may be performed without prohibitive risk. Of interest, the TAR patients were more likely to receive cerebral perfusion during systemic circulatory arrest, this perfusion was more likely antegrade, and arterial cannulation site was in most cases axillary. As the IRAD data reflect 'surgeon's preference', approximately 1 in 4 patients were deemed in need of a complete arch resection during this period, and such a selection process resulted in similar hospital and 5-year mortality.
Coma at admission, circulatory instability and signs of malperfusion (pulse deficits) were independent risk factors for in-hospital death after propensity adjustment. This is consistent with previous findings, as cerebral malperfusion with fixed deficits or coma carries poor postoperative prognosis, particularly if surgery is delayed [18, 19] . This was not a randomized trial, and several factors can for the surgeon be decisive in choosing arch replacement over the somewhat simpler ascending or hemiarch replacement. The 2 groups in our study were relatively homogenous, although there were some differences in clinical presentation and imaging characteristics. The proportion of patients with arch vessel dissection was highest in Group B, whereas the number of patients presenting with syncope was highest in Group A. In Group A, a higher proportion of patients had a dissection confined to the ascending aorta, as judged by preoperative imaging. There is considerable overlap between the 2 groups with respect to arch vessel involvement and dissection propagation, and therefore, other aspects must account for different resection strategies. There is a definite possibility that patients in Group B had a more malignant aortic pathology, which is not accounted for by the IRAD registry forms or conventional imaging techniques. Intraoperative decisions and circumstances that can mandate more extensive procedures are not recorded in the IRAD forms. Surgeon's preference, experience and institution protocols also play a role, as IRAD includes patients from aortic referral centres worldwide.
There are most likely subgroups for which arch replacement can be beneficial, such as patients with the primary entry located in the aortic arch and patients with a pre-existing aneurysm of the aortic arch or proximal descending aorta. However, identification of a differentiated treatment and outcome of such subgroups cannot be done from the IRAD database in its present state of development. High-quality registry data with diligent follow-up are of the utmost importance in the future identification of these patients. IRAD has initiated an interventional working group, which is gathering more detailed data on these types of variables to further our understanding of optimal therapies.
Limitations
The study has several limitations. The most significant limitation to observational studies is the potential for selection bias. IRAD has included more than 3500 patients with AAAD, but adequate surgical details in the new invasive report form were available for only 1241 patients. Our results may therefore not be representative of the entire IRAD patient population but be limited to centres with a particular engagement in the surgical cohort.
Of importance, and essential to evaluate our study, 5-year follow-up does not give the complete overview of a potential prophylactic benefit of TAR, as aneurysms in the downstream aorta can develop slowly. Also, since the majority of patients were operated in the last few years, follow-up is still incomplete and lacking for half of the patients.
In most cases of in-hospital mortality, the cause of death was recorded. However, we did not have sufficient information to decipher the cause of death during follow-up to perform a relevant analysis of aortic-specific death.
Data about intimal tear location as judged by imaging were not available in a large portion of cases. Furthermore, the IRAD registry case report forms do not collect information on whether the primary entry tear is found and excised during surgery. 
CONCLUSION
In conclusion, based on existing data, it does not seem justified to 'routinely' add additional complexity to an already challenging procedure (TAR), with the intent to reduce the risk of future complications. However, a strategy of individual and aortic-specific assessments as a basis for TAR still remains crucial in decisionmaking processes to select the optimal surgical strategy for patients with AAAD. A longer follow-up from both GERAADA and IRAD will hopefully enlighten us on the long-term effect of extensive arch surgery in aortic dissection. 
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